maintain the production and balance of CSF; however, a disturbance in CSF circulation is not always indicative of idiopathic NPH. 20 It has been postulated that a deficit in CSF absorption can cause dilation of the cerebral ventricles, but how this event leads to idiopathic NPH is not known.
14 Data from studies in both animals and humans have shown that increased intraventricular CSF pressure caused by impaired CSF flow can result in ventricular enlargement. 26 However, as the discrepancy between ventricular and convexity CSF pressures dissipates, episodic elevations in intraventricular CSF pressures appear to remain. Other mechanisms attributed to the development of idiopathic NPH include a reduction in blood flow and metabolism, an increase in transmantle pressure, 14 and ischemic changes in white matter, altering the viscoelastic properties of brain parenchyma. 21 Although the pathophysiology of idiopathic NPH remains elusive, it is one of the few dementias considered treatable and reversible. The use of shunts to reduce intraventricular volume and pressure has demonstrated promising results in patients with idiopathic NPH if the shunts are placed before the onset of cognitive deterioration. 12, 21, 23 Despite the numerous studies focused on the utility of surgical shunts in the treatment of this disorder, their placement is controversial because of the high rate of associated complications (30-40%). 5, 21 Nonetheless, authors of several studies have demonstrated that the predominant symptoms of idiopathic NPH (gait disturbance, incontinence, and dementia) improve following the surgical placement of shunts. 1, 3, 23, 24 A lack of consensus remains regarding patient selection for optimal benefit from shunting. In a study of 18 patients with a diagnosis of idiopathic NPH, the clinical onset of the disease marked by dementia was predictive of an unfavorable outcome when assessing candidacy for shunting, whereas gait disturbance (either with or without urinary incontinence) correlated positively with functional recovery. 5 Thus, patients treated in the early stages of symptom onset appear to have better outcomes from shunt surgery than patients who are diagnosed and treated in later stages of the disease.
The primary objective of this study was to estimate the prevalence of idiopathic NPH (diagnosed and undiagnosed) among residents of assisted-living and extendedcare nursing homes in southeast Virginia by using a practical screening tool. A second goal was to determine the outcome of surgical management in a subset of residents in healthcare facilities who had met the criteria for suspected idiopathic NPH.
CLINICAL MATERIAL AND METHODS
A retrospective chart-review analysis was performed using medical records from four nursing homes (two assisted-living facilities and two extended-care facilities), in accordance with the rules and regulations of the internal review board. Two hundred fifty-four patient charts were screened by a trained nurse, who traveled to each site in coordination with the site staff. Patients 85 years or older were excluded from the study. The attendant nurse at each facility created a log that identified each medical record by a number, thus maintaining anonymity and patient confidentiality. The goal of the chart review was to identify patients who matched the risk profile for idiopathic NPH by using the proposed Commonwealth of Virginia Normal Pressure Hydrocephalus Project's Initial Screen Form (Fig. 1) and to assign them a risk grade ranging from 0 (no risk) to 6 (maximum risk), as specified by the screening protocol. The form screened for the presence of idiopathic NPH symptoms documented in the medical record, including gait disturbance, incontinence or frequent urination, and dementia. The highest risk was assigned to patients who had the complete triad of symptoms. Moderate risk was assigned to those with moderate gait disturbance and one other symptom. Mild risk was assigned to patients with only mild gait disturbance or dizziness and no other symptoms. These assessments were based solely on the medical record because the protocol did not permit direct examination of the patients. Collected data were entered into a centralized database for subsequent statistical analysis revealing the estimated number of potential patients with idiopathic NPH.
Each patient's level of independence in performing various daily tasks and activities was rated using the standardized and widely accepted ADL Scale. 8, 15 Possible ADL scores ranged from A to G and were defined as follows: A, independent in feeding, continence, transferring, toileting, dressing, and bathing; B, independent in all but one of the previously mentioned activities; C, independent in bathing and one additional function; D, independent in all activities except bathing, dressing, and one additional function; E, independent in all activities except bathing, dressing, toileting, and one additional function; F, independent in all activities except bathing, dressing, toileting, transferring, and one additional function; and G, dependent in all six functions.
At the beginning of the study, all patients were screened; however, as the investigators became more familiar with the profound comorbidity in these patients, it was determined that those who were 85 years or older would be excluded because of the negative risk/benefit ratio associated with treatment intervention among that cohort. Of the 254 patients screened, 107 (42%) were excluded from study participation because of this age criterion, leaving a total of 147 eligible patients (58%). Of these 147 patients, 94 resided in assisted-living homes and 53 in extendedcare facilities. Most of the patients were female (117 patients [79.6%]), and the mean age was 75.5 Ϯ 10.2 years. Age data for screened patients are shown in Fig. 2 .
Seventeen patients residing in healthcare facilities elected to undergo diagnostic in-hospital procedures for the evaluation and surgical management of idiopathic NPH. After obtaining informed consent for the diagnostic procedures, CT or MR imaging, infusion studies, and/or ELD were conducted. 17 Patients considered likely to be shunt responders were surgically treated with a programmable shunt (Medos Hakim shunt, Codman, Johnson & Johnson).
RESULTS

The Retrospective NPH Survey
Symptoms of NPH. Twenty-eight (21.2%) of 132 patients in whom gait data were available met the criteria for gait disturbance, a symptom that is almost always present
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Prevalence of normal-pressure hydrocephalus in idiopathic NPH (Fig. 3) . The proportion of patients with gait disturbance increased to 23.7% (31 of 131 patients) when the criteria were widened to include dizziness. Overall, 14.7% of patients (19 of 129) had symptoms of gait disturbance and incontinence, and 9.4% (12 of 127 patients) had symptoms of gait disturbance and dementia. Eleven (7.5%) of 147 patients had the complete idiopathic NPH triad (that is, gait disturbance, incontinence, and dementia). Thus, assuming that gait disturbance plus either incontinence or dementia (or both) is necessary for the clinical diagnosis of idiopathic NPH, the overall prevalence of the disease ranged from approximately 9 to 14%.
Symptoms in Assisted-Living Compared With ExtendedCare
Residents. Approximately 96% of patients in each study population (assisted living and extended care) were 85 years old or younger, ages generally deemed acceptable for surgical intervention for idiopathic NPH. However, the prevalence of individual or combined elements of idiopathic NPH differed between these two populations. The greatest observed difference was the proportion of residents presenting with the complete symptom triad, which was 1.3% of those (one of 75 patients) in the assisted-living facilities and 19.2% of those (10 of 52 patients) in the extended-care centers. Respective differences were also observed in the proportion of residents with gait disturbance alone (17.7% compared with 26.4%), gait disturbance or dizziness (19.0% compared with 30.8%), gait disturbance plus incontinence (6.5% compared with 26.9%), and gait disturbance plus dementia (1.3% compared with 21.2%). We also noted a greater preponderance of women in the extended-care population (83.0% compared with 77.6%).
Comorbidity Among Senior Residents in Assisted-Living and Extended-Care Facilities.
Several residents included in the study had presented with multiple medical problems that were coincident with the suspected idiopathic NPH. In addition to the dementia associated with idiopathic NPH (76.0% short-term memory loss and 74.5% longterm memory loss) in assisted-living and extended-care residents (72.0% compared with 62.7%, respectively), depression was reported in 50.5 and 52.8% of the residents in assisted-living and extended-care facilities, respectively. Moreover, hypertension (29.7-52.8%), diabetes (22.5-32.7%), and heart disease (15.7-32.7%) were highly prevalent. Overall, comorbidity was more prevalent in the residents of extended-care facilities.
Comparison of ADL Scores in Assisted-Living and Extended-Care
Residents. Perhaps the most revealing variable in our findings was the measurement of ADL. The proportion of assisted-living residents who were dependent in all six functions was 30.4%, compared with 62.2% of extended-care residents. As expected, no extended-care residents were completely independent in feeding, continence, transferring, toileting, dressing, and bathing, whereas 9.8% of the assisted-living residents were fully independent in these areas.
Prospective Study of Idiopathic NPH Diagnostic Procedures and Treatment
Patient Population and Symptoms. After obtaining informed consent, 17 patients fulfilling the criteria for suspected idiopathic NPH based on the survey form with a mean age of 79.5 Ϯ 7 years (range 64-93 years) were admitted for diagnostic workup. Ten patients were women and seven were men. Symptoms on presentation are listed in Table 1 . Of the 17 patients, 10 were wheelchair bound, six used a walker for ambulation, and one used a cane. Memory was impaired in all patients. Frank incontinence of urine was present in 70.6% (12 of 17 patients), frequent urination in 29% (five of 17 patients), and urinary and fecal incontinence in 12% (two of 17 patients). Among the 17 patients, Alzheimer disease had been previously diagnosed in four and Parkinson disease in three. followed by infusion studies in 12 of the 17 patients in an outpatient setting ( Table 2 ). The mean opening pressure was 10.75 Ϯ 4.2 mm Hg. The mean PVI equaled 20.1 Ϯ 9.7 ml, which was less than the accepted normal level of 25 ml and thus signified reduced brain compliance in this subset of patients. The mean CSF outflow resistance was 11.2 Ϯ 9.9 mm Hg/ml/min. This resistance was close to three times the threshold, indicating a marked absorptive deficit. 17 Twelve of the 17 patients were admitted to the hospital for 3 days of ELD. Among these 12 patients, gait was improved in three, eight showed no improvement, and one patient was worse after ELD.
Response to Shunt Insertion on Follow-Up Evaluation.
Eleven of the 17 patients had received shunts (Table 3) . Of these 11, seven experienced improvement in gait after shunt placement. Of these seven, four had transient improvement and by 6 months returned to baseline function; three patients had retained their improvements at 1 year posttreatment. Two patients were worse at the 1-year follow up. Among the seven patients with gait improvement, four also had improved memory and five improved in incontinence. Patients whose gait outcome was worse also demonstrated worsened memory and incontinence. Hygromas developed in five of the 11 patients who had received shunts; four were treated by adjusting the programmable valve to a higher pressure, and all resolved. A hygroma in one patient required a twist-drill craniotomy but then resolved. The remaining six patients of the 17 did not receive shunts. At 1 year posttreatment, two patients had died of sepsis related to urinary tract infection and the condition of the remaining four patients was unchanged from the initial assessment.
DISCUSSION
The findings of our survey of 147 assisted-living and extended-care residents suggest that approximately 9 to 14% of patients are at risk for or may suffer from idiopathic NPH. Note, however, that of the 147 patients included in the survey, only five had undergone MR imaging or CT, the established means of diagnosing idiopathic NPH. 12 This discrepancy suggests that idiopathic NPH symptoms often are overlooked or attributed to other causes. It is plausible that on reevaluation, several study participants may have benefited from surgical shunt insertion if a proper diagnosis had been made and the disease had been treated in its early stages.
Survey data also suggest that assumptions of poor surgical candidacy (standardized age criteria) or premature judgments of surgical benefit (other comorbidities that might decrease benefit) should not exclude extended-care patients from undergoing thorough diagnostic evaluations. In a recent study in which supplementary tests were used to identify shunt-responsive patients, improvement following 3-day drainage was found to be independent of age. 17 Moreover, 96% of the extended-care population in the present study was younger than 85 years of age (suitable age for surgical intervention), and nearly 40% demonstrated at least some degree of independence (based on ADL criteria). The idiopathic NPH symptom triad was present in nearly one fifth of the extended-care residents included in this analysis.
As expected, comorbidity was higher in the extendedcare population-residents with more problems would be expected to require a greater amount of care. It is widely recognized that patients with idiopathic NPH frequently have a variety of comorbidities, including Alzheimer disease and cerebrovascular disease. 2 Moreover, it is not unexpected to observe signs of depression, confusion, intellectual impairment, or gait difficulties in the elderly population because these are part of the normal aging process. 13 Unfortunately, the presence of other diseases or conditions that mimic symptoms of idiopathic NPH can confound or delay diagnosis and intervention. Because surgical intervention provides the greatest benefit when performed early after the onset of idiopathic NPH, 18 
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Prevalence of normal-pressure hydrocephalus 5 reports of no response to shunt placement must be interpreted carefully. Such reports may be falsely elevated because the early signs of idiopathic NPH may have been overlooked and interventions performed too late. 2 Thus, special attention must be given to patients who have multiple medical problems that could possibly confound making an accurate diagnosis of idiopathic NPH and consequently reduce the likelihood of a successful treatment outcome. 16 In recent years, there has been growing emphasis on the importance of health-related quality of life among patient populations. In a study in which they compared the quality of life among patient cohorts with CSF disorders, Gelling and colleagues 10 found that scores on the 36-Item Short Form Health Survey and the Mini-Mental State Examination 4, 9, 25 were significantly lower in patients with idiopathic NPH than in those with other CSF disorders. They argued that the scores reflected the need for assessment scales that more reliably capture the data in patients with cognitive deterioration, who might not be able to understand or complete such scales. These findings also emphasize the need for early diagnosis and treatment in those at high risk for idiopathic NPH, before other medical problems become so overwhelming that patients who might have benefited become refractory to treatment. In a study of cerebrospinal shunt insertion for the treatment of idiopathic NPH, 25 (58.1%) of 43 patients scored less than 24 on the Mini-Mental State Examination before surgical treatment. Six months after surgery, however, seven of these patients had scores within the normal range. 21 The ADL Scale was also applied in these study participants; 19 patients (44.2%) were considered independent in their ADL, nine (20.9%) required some help, and 15 (34.9%) were considered totally dependent before surgery. However, 6 months after surgery, 33 patients (76.7%) were able to cope with daily activities, four (9.3%) were partially dependent, and only six (14%) remained completely dependent.
Although the present study was a retrospective chart analysis based on a small population that is representative of a southeast nursing facility, the results reinforce the need for future investigations of nursing-care facilities globally to ascertain the percentage of patients whose disease is misdiagnosed or undiagnosed and thus who are not receiving the necessary treatment for what is a potentially reversible syndrome if caught early. A cost-benefit analysis is needed to evaluate the overall benefit. Of course, full-time nursing care is expensive and over time would exceed the costs of screening and surgical intervention.
A limitation of the present survey is its retrospective nature, and thus it was impossible to definitively diagnose the disease (CT scanning is required) and treat patients surgically to assess response. The in-hospital study of 17 patients living in healthcare facilities at the time of assessment presented us with an opportunity to evaluate a sample population prospectively. All patients seen at the clinic had presented with the classic symptom triad of gait disturbance, incontinence, and dementia. In fact, most were wheelchair bound, which is common in patients who are at risk for a fall or who cannot ambulate. We found that all patients screened in this population had ventriculomegaly, completing the diagnostic symptomology for idiopathic NPH. Supplementary test data revealed relatively normal opening pressures, poor CSF absorption indicated by high outflow resistance (R out ), and low PVI indicating reduced compliance or tight brains. The outcome of shunt insertion based on supplementary tests to identify shunt responders revealed only seven of 11 patients showing some improvement, which is consistent with findings in previous studies. 17 Note, however, that this improvement was not sustained in four of the seven patients. One explanation for this poor response is the fact that most of the patients had been wheelchair bound for some years, suggesting that they had reached a stage beyond the therapeutic window. Nonetheless, three of the patients who had been in wheelchairs were able to walk, and this improvement was sustained at 1 year posttreatment. Considering all of these findings, we must conclude that the current supplementary tests remain predictive of a positive response to shunt insertion but cannot indicate whether a favorable outcome will be sustained in this patient population, most of whom have been confined to a wheelchair for a prolonged period of time. The data reemphasize the notion of a finite window of opportunity for managing idiopathic NPH-early diagnosis and treatment are imperative.
CONCLUSIONS
It is important that a practical screening tool specific to the signs and symptoms of idiopathic NPH be applied before patients are admitted to nursing-care facilities. This tool could take the form of a one-page query of symptoms specific to the disease, which would include the presence of one or more of the classic symptoms, that is, gait disturbance, incontinence, and dementia. Recently, it has been proposed that the diagnosis of idiopathic NPH be subdivided into probable, possible, and unlikely. 22 The elements required for this classification should be incorporated into the screening tool. Excluding other pathophysiology, physicians could implement neuroimaging to determine the presence of ventricle enlargement consistent with idiopathic NPH. If the results of both the screening and neuroimaging studies validate a diagnosis of idiopathic NPH, patients could be referred to specialists to determine surgical candidacy, thus potentially providing such patients with an improved quality of life and reducing their need for specialized housing and care. Our experience with the in-hospital assessment of nonambulatory patients living in healthcare facilities suggests that a standardized protocol for diagnosis and supplementary tests to identify shunt responders must be used as early as possible.
